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- FOREWORD

The work described in this report was authorized under Task
2P062101A72702, Army Chemical Information and Data Systems (U).  The
work was started in July 1964 and is continuing. The information
contained in this report represents work accomplished during the

period 1 September 1969 through 31 January 1970.-

The information in this document has not been cleared for release

to the general public.
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DIGEST

This document describes the rescarch and development activities conducted

on Project CIDS of the University of Pennsylvania during the period 1 September

1969 - 31 January 1970. All of the activities are designed toward either com-

pletion or advancement of the initial version of a model operational system.

File building during the period has been confined to the Edgewcod Arsenal
Task 07 file becausc these compounds arc being tagged with both structural and
nonstructural search keys and are thus searchable on either or both of thesc

descriptive categories. To date, 13,985 candidate compounds for the file have

been received; 10,666 of these have been registered. The average registered

compound was tagged with four Fdgewood Arsecnal nonstructural descriptors,

All computer programs needed to assign the new (CIDS No. 6) chemical search
screens have been written and tested, and the screens have been: assigned success-
fully to a test file of 7226 Task 07 compounds. The average compound received
31 screen assignments in contrast to 23 using the experimental (CIDS No. 4)
screens. The earlier ring finding program has been augmented with another pro-
gram and the combination enables finding the rings in any smallest set present

in a multiring system rather than finding only the rings in a prescribed smallest

set such as those used in The Ring Index. The total lexicon of CIDS No. 6 screens

will soon be assigned to the total registered Task 07 file and also to the 33,000
TOXINFO and CBCC compound file.

The improved atom-by-atom search program has been incorporated into the
search system and, as a result of this and related modifications, the entire
search system can now be accommodated in three phases rather than four. Other
improvements in the search system include (a) the use of parernthesized logical
expressions, (b) the incorporation of useful changes in the teletype command
language, and (c) the ability to search on the basis of the six-digit number as-
signed to each compound at registration., The disk space required for a compound

has been materially reduced by application of a more compact record format.

The program organization of the cathode ray tube terminal system is being
basically altered to correct erratic performance traceable to problems in timing
and transfer of control. An operating system has been designed for the DEC-338

programmed buffered display, suitable for the display of chemical compounds and



fragments, as used in CIDS real time search. Various program segments operating
under a graphics monitor have been written to allow drawing and manipulating
molecules on the screen, and a program has also been written for processing

queries typed in at the DEC-338 teletype,

A document has been produced which describes and illustrates the rules for
encoding queries addressed to the model operatiomal CIDS. It alsc (a) discusses
certain features of system operation and use to assist in th. formulation of max-
imally efficient queries, (b) displays a standard query coding form, and (c)

provides completed coding forms for 20 sample user-type questioms.

Chemical specifications for the CIDS treatment of tho following classes of
compounds have been documented: (a) polypeptides, (b) pc'ymers (other than
ratural types), and (c) metal-containing organics. In arriving at the specifica-
tions, due consideration was given to compatibility with (a) practices recommended
by the international community of chemists, and (b) existing and planned CIDS
computer programs, In addition to setting forth the specifications, the documents
identify the search parameters and provide numerous illustrations of the chemical

contents of compound records in CIDS format.

Additional documentation accomplished during the period include (a) detailed
instructions for CIDS usage of the DURA chemical typewriter, and (b) definition
at the programmer level of the CIDS master files. The latter includes the de-
scription of ten CIDS files., Sample tape dumps accompany the descriptions.
Interim documentation of the overall system, in detail sufficient to disclose the
types and magnitude of effort required to complete the system and convert it to

the sponsor's computer, is currently in process.
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A CHEMICAL INFORMATION AND DATA SYSTEM

Semiannval Report
1. Introduction

All of the tasks undertaken during this contract period contribute, in one
way or another, to either (a) completion of the initial version of a model opera-
tional system suitable for trial and demonstration purposes, or (b) evolution of
the initial version of the system fo a more advanced state. In addition to the
usual activities associated with continued file building, these tasks involve

(1) effecting improvements in file generation techniques and the search system,
(b) replacing the experimental (CIDS No, 4) chemical search screens by the im-
proved (CIDS No, 6) screens, (c) continuing R&D toward implementing the cathode
ray tube as a component of the system, (d) documenting the required CIDS chemical
specifications for types of compounds currently inadmissible to the file, and (e)
proviuing documentation on the overall system sufficient for plaaning for conver-

sion to the sponsor's Scientific and Engineering (S&E) computer.

The testing and processing associated with some of the above activities,
together with the required proplanning and the assay of the findings, account
for a large fraction of the Project's total effort, It would serve no useful
purpose to provide a detailed account of these day-to-day operations; rather,
the ultimate net results find expression only in terms of reported improvements

in strategies, programs, techniques, etc.

2. File Guneration Techniques

Advances in file generation techniques subdivide into the three areas

indicated below,

Registration - A subroutine has been added to the REGISTRY system enabling
it to take maximum advantage of the basic logitv of the new atom-by-atom (A/A)
search. This system employs A/A search to identify compounds submitted for regis-
tration, which have the same structural formula as a compound already on file.
For each such match, a chemist determines from auxiliary data which of the sub-
mitted records are duplicates, which are updates and which are stereoisomers of
the registered compouncd. The new subroutine renumbers the atoms of the structural

formulas so that matching structural formulas are singled out most rapidly.

PRECEDING PAGE BLANK
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Assignment of New Screems - Of the 10,666 compounds registered thus far

in the Task 07 file, 7226 have been scrcened against the revised (CIDS No, 6)
lexicon of mnlecular formula and structural fragment keys. The frequency of
occurrence of various chemical features implied by the relative number of
assignments of these keys is as expected for any sizable unbiased organic file.

A more detailed analysis of the results of this screening is provided in Sectimb

of this report.

One troublesome area of key assignment was the establishment of automatable
criteria for identifying all rings in a cyclic system which should be assigned,
The definition that was arrived at and subsequently incorporated into the ring

screening programs is described in Sec. 9.

The currently expanding Task 07 file of compounds differs from previocus
CIDS files in that keys are employed not only for features of structure and molec-
ular formula, but alsc for certain nonstructural information. A compound record
which responds to one of the nonstructural information keys identifies one or
more reference documents from which this information can be obtained. 1In Sec. 4
of this report, the set of Edgewood Arsenal nonstructural keys currently employed
in this experimental approach to nonstructural data is listed and discussed in
further detail,

The ability to search on the basis of the six-digit number assigned to
each compound at registration has been implemented in an interim fashion, This
capabiiity might have been accomplished by assigning distinct registry number
(RN) keys to each compound. The key index, however, is limited by core size as
to the total number of different keys that can be accommodated, and could not
accept a different key for each compound in the file. A solution was found to
be the assignment of two keys to each compound, one designating the three high-
order digits of the registry number and the other designating the three icw-
order digits. Thus, each pair of one high- with one low-order key corresponds
to exactly one compound. Plans have been made to enable query specification of

the complete number in a single key which will be expanded into two keys internally.

The high-order digits RN keys serve as a means of separating the file into
blocks of 1000 compounds. This is a useful capability because the complete search

system is designed to handle only the first 1000 responses to the keys. A query

obtaining more than 1000 such responses can now be broken down into several

bt al

+ asluti Mo ia b

dabuudnls v

ottt




queries cach of which uses the same original set of keys plus a high-order RN
key. Each of these subqueries is tiinrchy restricted to a differcnt block of

1000 compounds and : manageable number ot responses in each case in insured.

Revised File Storage Technique - <Conversion cf the 33,270 compound

TOXINFCO-CBCC file to the revised record iformat used i the Task 07 file has
demonstrated the appreciable storage-savirg capability of the new format as
compared with the former method, In the ncw format, (a) the structural formula
is stored in MCC (mechanical chemical code), a linear notation for encoding

two dimensional chemical structures; (b) thc characters in the SFI (structural
formula image), which preserves the structural formula for output, are packed;
and (c) the keys assigned to a corpound are no longer stored as part of each

record.

As a result of these innovations, the disk space rejuired for the 33K
compounds search file using the old (CIDS No. 4) screens was reduced to 40%
of the amount required under the old format, These changes did not, of course,
have any effect on the space requirements for the index of keys for this file,
Based on the present disk space allotted for the file as compared with that
allotted for the index, the index has now become the limiting factor in deter-
mining the total number of compounds which can be stored for real time search

and will be somewhat more limiting using the new (CIDS Nc. 6) screens,

3. The Search System

Effort toward expanding and refining the search system subdivides into the

three areas indicated below,

Incorporation of the New Atom-bv-Atom Search Program - The new atom-by-

atom (A/A) search and the programs which blow up the MCC to the FORTRAN connec-

tion table (CT) have been incorporated into the search system and the integrated

system is now being debugged. Various changes in existing system programs were

required.

Since the new A/A search uses the connection table obtained from blowing

up a structure encoded in MCC (mechanical chemical code), the query preprocessor

had to be modified to translate query structures into this CT format. Further

modification of the preprocessor and search phasc¢ will be required to allow the

use of D for deuterium, T for tritium and the uscr-defined element syabols El, E2,

.+., but this effort is being dcferred while the currert system is documented.
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The files which store the structural formula in MCC use a compacted struc-

tural formula image (SFI). The search system had to be modified to expand the

SFI prior to output, Cbanges to outpui programs were also made to provide more

space for the A/A search programs and for the MCC to connection table expansion
programs.

As a result of these modif{ications, the entire search system can be accom-

modated in three phases rather than the previous four,

Query Logical Expression Expansion Program - The program which expands
the keys logical expression (KEYS =) and the structure logical expression

(STRUCTUKE =) in a query has been rewritten and debugged, and documentation

is now ip progress, This program enables the querist to write more compact

logical expressions. Suppose, for example, it is required to retrieve compounds

assigned keys Kl and K2 and also compounds assigned keys Kl and K3. Instead of
demanding

Kl AND K2 OR K1l AND K3
The user can simply write
Kl AND (K2 OR K3)

which is automatically expanded intermally. A command for having the expanded

verslon of the expression printed out on the teletype is also provided.

Additional Teletype Commands - Chang-s have been incorporated into the
teletype command language that allow the user to specify the type of output
desired after the accession list size has been printed for him on the teletype. .
The following are the possible commands: - 1

(1) OUTPUT FRINTER sends the total output to the Data Products Line Princer.

(2) OUTPUT STAT restricts the output to statistics giving the total number ' ;
of answers,

(3} OUTPUT REGISTRY send the registry numbers and additional local control

numbers to the teletype or to the line printer if @OUTPUT PRINTER is
also specified. 3

e,g., it the user types:

RITDNSRTRRIN

I
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(GOUTPUT STAT .
COUTPUT PRINTER 22: i;iZtStic:n:reri§:Zrto boeh E
@START yP P ’
(@OUTPUT STAT

tatisti .
@START s stics go to teletype only

@OUTPUT PRINTER

@START total record goes to line printer,

@OUTPUT REGISTRY
@QUTPUT PRINTER
(@START

registry numbers go to line printer.
statistics to both teletype and line printer,

et b e

registry numbers and statistics go to teletype.

(BOUTPUT REGISTRY
@START

(@START total record punched on Dura paper tape
by teletype.

The commands which are typed before @START can be typed in any order.
However, "OUTPUT REGISTRY' and "OQUTPUT STAT" cancel each other, and the last
one typed specifies the kind of output. J

The use of PRINT within the query .an still be used, but GOUTPUT PRINTER
allows the user to decide whether or not to send output to the printer at a ]
later point in the proerssing of the query. g

Ll kil o
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4, Status of CIDS Compound File

The CIDS file of compounds actually consists of two subfiles, Onc of
these contains about 7,000 compounds trom the Edgewood Arsenal Toxicological
Information Center (TOXINFO) and about 26,300 compounds {rom the Chemical-
Biological Coordination Center (CBCC). The other subfile is a growing one,
known as the Tack 07 file, which is under construction at Edgewand Arsenal,
Both subfiles will be searchable on the basis of compound structurce via the
revised (CIDS No. 6) chemical search screens. The Task 07 compounds will be
searchable also in terms of the 59 nonstructural descriptors assembled and

tagged to the compounds by Edgewood Arsenal,

File building during this report period has been confined to the Task 07
file, As of 30 January 1970, Edgewood Arsenal has transmitted 13,985 candidate
compounds for the file and 10,666 of these have been registered. The remainder
consists of compounds which were (a) received subsequent to the last registra-
tion, or (b) rejected by the screening programs and are in stages of re-typing,
or (¢) of types currently inadmissible to the system. Analysis of the results
of assigning the revised CIDS chemical screens to the 10,666 registered com-
pounds discloses that the file is acquiring the chemical characteristics to
be expected of a large unbiased file and is reported on further in Section 6,
page 17. This same file received a total assignment of 43,035 Edgewood Arsenal
nonstructural descriptors thus producing an average of approximately four non-
structural assignments per compound. Again as expected, the distribution of
the total assignments among the 59 nonstructural descripters varies widely and

is recorded in the following tabulation.

Number of

Descriptor Code Assisrmonts
Applications AP 7333
Activity Coefficient AC zero
Analytical Detection AD 163
Analytical Determination AN 4232
Boiling Point BP 1680
Biological Suppressant BS 2132
Crystalline Form CF 1070
Chromatographic Methods ™ 191
Cost co 465

(continued)
12
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Descriptor

Critical Pressure

Color

Critical Temperature
Dissociation Constants
Derivatives

Dyestuff Application

Entropy

Eye Irritant or Lacrimator
Electron Spin Resonance Spectrum
Free Energy

Geometric Isomers

Heat Capacity

Heat of Dilution

Heat of Formatiom

Heat of Solution

Heat of Sublimation

Heat of Vaporization

Hydrates

Tonization Constants
Incapacitating Dose (Dosage)
Industrial Applications

Infrared Spectrum

Kinetics of Hydrolysis

LD50 (Dosage)

(Med) Minimum Effective Dose (Dosage)
Melting Point

Mass Spectrum

Nuclear Magnetic Resonance Spectrum
Optical Isomers

Optical Rotation

Code

8 382358

DA
EN
1E
ES
FE
GI

fEIEERE E

1D

S RBEEEHREET

NS
01
OR

(pKa, pkb)

Descriptor added subsequent to the original 1list,

Further assignments expected,

13

Number of
Assignments

1669
164

2540

zerok

zero¥*

37

zero

20

63
156
40
zZerok
432
52
517
740
4722
91
101
zeror
296

(continued)
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Descriptor

Polarography
Purification
Respiratory Inhibitioa
Refractive Index
Raman Spectrum

Solvent of Crystallization
Specific Gravity
Specific Heat

Hammett Sigma Values
Solubility
Specifications

Surface Tension
Suppliers

Solvates

Synthesis

Synthesis Intermediate or
Starting Product

Triple Point
Ultraviolet Spectrum
Viscosity

Vapor Pressure

14

Code

PO
PU

RI
RS
sC
SG
SH
SI
SO
SP
ST
SU
)Y
SY

TP

VI
VP

Number of
Assignments

56
461

958

2169
569

28
1280
148

643

71
10

zero
430
109
65

T
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5. Identification of Rings in Cyclic Systems

Considerable thought and effort has been given to the problem of identify-

b b il

ing in a cyclic nucleus those rings (or closed paths) which would be of

interest to a chemist regardless of whether or not they are the rings prescribed

Vo Lt i

by the Ring Index rules. The recognition of these rings is necessary for the
assignment of the CIDS GCN2 (Elementary Ring Population) keys. A solution was
sought which would identify the rings of a nucleus by which a chemist would

conceivably want to retrieve it, and yet would avoid wherever possible the

R

identification of any other rings which would result in false drops.

The problem turned out to be a very complex one, making a perfect solution

unobtainable, However, a highly satisfactory compromise was reached. The solu-

tion involves the assignment of GCN3 keys to:

(1) All rings which are in any smalilest set of smallest rings
(2) All rings of eight atoms or less

(3) No other rings

The new technique is superior to that described in earlier CIDS reports
(CIDS No. 4. p. 64 and CIDS No. 6, p. 18) in that the assignment of elementary
ring population (GCN3) keys is independent of system orientation. Thus, for
example, the computer automatically assigns one each of the following rings,
€N S 7
either in terms of its Ring Index orientation (CAN-CSN) or in terms of its equal-

1y valid C,N-C

N, and C,, to nortropane (RI 1281) and this permits nortropane retrieval

4 5 or CSN-C7 orientations, Similarly, no matter how it is drawn,

the two-ring system C_—-ﬁ-—_ﬁ wiil have assigned to it, the CS’
C6’ and C7 GCN3 keys I ﬁ ﬁ and thus wiil respond to a query

posed in terms of C—C—C LS—C6, CS-C7, or C -C7.

6

It requires but a brief excursion into ring systems to appreciate the
ring-finding capacity of the technique. Even with such a small system as
. N (R1 10248), for example, the technique finds two CQN'S,

— Y~ ,/\‘
1 - two C_NO's, and one each of CSO’ C,NO, and C7N. With more

- 5 4
N complex systems, the ring findings become progressively more
abundant thus requiring more storage space in the computer memory and increasing
the number of false responses to certain types of queries. It is to avoid these
undesirable features that application of the technique is restricted in accord

with rules (2) and (3) above.




Regardless of the restrictions, however, it is emphasized that, for any
ring system, the technique strives to find as a minimum (a) the set of rings
corresponding to the Ring Index (Chemical Abstracts) notation, and (b) any other
set of independent rings which has the same numerical ring population (CIDS GCN2

keys) as the Ring Index set.

Additional examples are shown below with the GCN3 rings given:

—~N—=N-—
| } | '
c
N
—C—-C—
cau?_ (3) Ce (2)
CoN, 2) C,NOS
: f-c—o—(0)2—o—(c)2—o—<i—(§ 0—?-0
: c C ¢ | 0 l
{ | I c ¢ ¢
C—C—0-(C),—0—(C),~0-C~C I ] |
¢, @ P65
: C—-N-C
c.,0
1476
C,BNO, 3)

A program was previously written and tested which finds a ''smallest set of
smallest rings" in a cyclic compound. Another program, XRINGS, which finds any
additional rings to be identified, has now been written, tested, and debugged.
A test on a Task 07 file containing 5976 cyclic compounds showed that program
XRINGS increased the GCN3 key assignments from 12,611 to 13,181, i.e., by about
5 percent. An algorithm stipulating the basic logic of the program, and the

theory behind it, was transmitted to the sponsor prior to writing the program.

The CIDS ring key assignment system, of which XRINGS is a part, can now
handle all but a small percentage of the more intricate ring systems; and com-
pounds containing these intricate ring systems will be rejected automatically

for intellectual analysis and addition to the file at a future date.

16
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6., New Screen Assignment

All new (CIDS No, 6) screen assignment programs pertaining to organic com-
pounds, including program XRINGS (Section 5 above), have been written and tested,
and the screens have been assgigned to a file of 7226 Task 07 compounds. These
same screens will be assigned to all currently registered (10,666) compounds in
the Task 07 tile within the next few days and to the total file of about 33,000
TOXINFO and CBCC compounds within the next few weeks.

The computer time required for assignment of keys to the file of 7226 com-

pounds can be broken down into the following averages:

Screens Assigned Compounds Per Minute Seconds Per Compound
Ring Keys 57 1.1 sec
Functional Group 8 7.5 sec

and Other Keys
Total 7 8.6 sec

An average of 31 keys per compound were assigned, including structural
keys, non-structural keys, and registry number keys. This compares with an
average of 22 keys per compound for the experimental (CIDS No. 4) structural
keys and non-structural keys. The difference is primarily made up of the two

registry number keys, the specific cyclic nuclei (SCN) keys (which were speci-

fied in CIDS No, & but were never actually assigned), additional molecular
formula keys, and the assignment of four extra-cyclic carbon (EC) keys to both
cyclic and acyelic compounds (their CIDS Ne. 4 counterparts were assigned only

to acyclic compounds).

Three copies of an index listing the keys that were assigned, and the
number of assignments for eacﬁ, were transmitted to the sponsor in order to
provide members of Edgewood Arsenal's chemical and programming staffs a better
feel for the degree of specificity of each key, and to observe any errors that

might be present.

Cursory examination of the irdex statistics reveals that the file of com-
pounds is acquiring the aspects to be expected of a large unbiased library of

compounds. Some examples follow:

(1) Approximately 17 percent of the 7226 file compounds are acyclic, as

rovealed by the number of assignments {1250) of the A-C=00 key.

17




(2) The large majority of the cyclic nuclei vepresent one-ring systems

(7393 out of the total of 9435 GCNl assignments).

(3) The skeleton molecular formula (GCK4) keys were assigned large numbers
of times when they involved common ring systems and fewer and fewer times as

they involved less and less common systems.

(4) Of the 137 CIDS specific cyclic nuclei (SCN) keys, 102 were encountered,
with the greatest number of assignments (5133) going to benzenc as expected,
Examples of other high scores: pyridine (399), piperidine (293), cyclopropane
(285), cyclohexane (293), and indole (129).

(5) 316 of the approximately 550 CIDS specific funcrional group keys were
encountered, with high scores being reccrded by common groups such as FGl12
(monohalomethyl), FG178 (ether), FGY%4 (carboxyl), etc., and scores of one only

with low frequency groups such as FG3 (arsines), FG71 (nitrolic acids and

esters), etc,

(6) Among the saturated monovalent hydrocarbon radicals, HRl (methyl)

was by far the most frequently assigned (5666 times), followed by HR3 (ethyl)
(1625 times) and HR1O (propyl) (221 times).

(7) The carbon content of the compounds peaks in the range of C10 to C14

which is in the same general area reported for large files of compounds.

(8) The molecular formula key assignments are high for those hetero-
elements which are expected to occur frequently such as nitrogen, oxygen, the

halogens, etc., and low for elements such as manganese, lead, silver, deuterium,

etc.

(9) The utility of the nonspecific diatomic functional group (ND) keys
is evident from the facts that 20 of the total theoretical number of 66 such

keys were assigned and that there was a total of 692 such assignments.

(10) The sparsity of assignment of the nonspecific monatomic (MM) keys is

indicative of the comprehensive character of the CIDS lexicon of structural screens.

18




7. Cathode Ray Tube Research and Development

The program organization of the CRT-terminal system is being altered
basically. Occasional past erratic perfcrmance was traced to problems in timing
and transfer of control, problems that would have been intensified by the addi-
tion of hanging bonds into the language. These problems do not in any way af-
feer estimates of feasibility of use of the CRT as a terminal of rhe CIDS system,
They require only more careful application of existing techniques. l'rogress to
date in implementing the altered version is summarized in the following.

The CIDS Graphie Monitor - An operating system has been designed for the

DEC-338 programmed buffered di.jlay, suitable for the display of chemical com-
pounds and fragments, as used it the CIDS real time search system. The display
system consists of a program called the GraphicsMenitor which contains sub-
routines, (such as a routine for displaying a light button or a line of text)
and an I/0 package to aid in the use of the teletype, dataphone and disk. It
also contains features such as automatic light pen tracking and a loader to
load program segments and data from the disk. This organization eliminates
processing at the level of the primitive display file, i.e., to place an atom
on the screen, it is only necessary to call a subroutine in the monitor, specify-
ing the element type and coordinates on the screen. Bonds, light buttons, and
even run-standard display files may be entered into the system by the use of
such subroutines. As a result. the programs which interact with the user can

be fairly short,

Program Segments - The following segments have been written to allow the

drawing of a molecule on the screen. They all operate under the Graphic Monitor,

and depend on its facilities: '

(a) Display Monitor - permits selection and execution of the functions
available to the user through light buttons.

(b) Drawing Monitor - permits selection of one of the drawiung functions,
two of which are deszribed in (d) and (e), and the third has not yet
been written.,

(¢) Draw Atom - drawing of individual atoms on the screen.

(d) Draw Bond - drawing cf bonds on the screen, including closing of rings.

(e) Atom List - a subroutine for displaying a list of element types, so the

user can select the type he wants with the light pen; used in conjunction
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with Draw Atoms, but written as a subroutine so it can be used elsewhere,
(f) Delete - allows deletion of individual atoms or bonds, or a whole area,

(g) Move Area - allows moving a rcctangular saction of the drawing from one

place on the screen to another,

(h) Transform - allows reflection of a rectangular section of the drawing

about either or both axes,

(i) Move Atom - permits moving any individual atom on the screen,

A program has also been written for the processing of querics typed in at

the DEC-338 tclotype.

Programs to be Written -~ The program segments for altering the drawing

have not been completed., Query processing, text editing and output display

also have not been written.

8. Documentation: Query Formulation and Encoding (4)

This document, which is now being processed for distribution as the CIDS
No. 7 Status Report, describes and illustrates the rules for encoding queries
addressed to the initial model of an operational chemical information and data
system (CIDS). The teletype command language for submitting queries to the
system was described in an earlier publication and is included In the document
as Appendix A. The coding rules constitute an update of the method employed in
the earlier experimental system; as a result of extensive experimentation with that
system, the capabilities of CIDS have been expanded for the model system, thus
necessitating the current revision. In addition to describing the encoding and
input of retrieval demands, the document discusses certain features of system

operation and use to assist in the formulation of maximally efficient queries,

The chemical features on the basis of which a search of the CIDS fiie of
compounds can be conducted are collectively referred tc as the CIDS chemical
search componcnts. The complete collection of components, along with the code
by which each is represented, is contained in the CID No. 6 report entitled

Handbook of CIDS Chemical Search Components. The CIDS No. 7 document discusses

the encoding of these components into a valid query and includes the procedure
for initiating and modifying file search in response to that query. The CIDS
No. 6 report is thus corequisite to CIDS No. 7 for use of the real-tin: model

operational system.
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A query coding form has been devised on which the user's question, the

pertinent scarch components, and the fully encoded query are recorded. To

simplify reference to the rules during the ‘actual formulation and‘éﬁcoding of

a query, the topics in the document have been organized td paralle Ee coding

.

form. Thus certain sections of the documant are of primary lnterest to the

chemist selecting the components appropriate to a given query, wthe other

sections dealing with the encoding of these components are of deor corcern

tr computer personnel,

The final section of the document consists of the coding forms,for some
twenty sample questions exactly as these forms are completed for the operat10na1

system, Accompanying each example is an explanation of the strateg

in the search, Besides providing complete illustrations of querysﬁgcoding,ﬁ
these examples are designed to suggest to the user a number of techniques for

maximizing search efficiency.

9., Documentation: ACT III Chemical Typing Conventions (5)

This document provides detailed instructions for CIDS usage of the DURA
chemical typewriter. The document is divided into four sections. ~ Section I
deals with preparation of the DURA machine and paper tape. Sectiuﬁ 11 provides
general rules and procedures regarding the typing and correcting of a’campound
record. Section III specifies when, how, and where all nqnstructﬁred pérts of
the chemical record are typed. Section IV provides and illustfatés the rules
for typing a structured part of the chemical record. In draft fprm; the
document was transmitted to the sponsor under date of 29 December.i969—for

review and comment.

10. Documentation: Definition of CIDS Master Files (6)

This document defines the CIDS Master Files at the brogrammer LeVel and
five copies were transmitted to the sponsor under date of 29 Deceﬁbér 1969,
The documentation includes the format of each data el ement withinﬂthé“CIDS
compound record. Ten important CIDS files are described in terma of the

following characteristics:

(1) sequence of logical records

(2) variable length or fixed length physical recoxrds



Vo

(3) logical record description:

(a) control information present

(b) data elements present
(4) end-of-v-eel and end-of-file indicators.

The ten files described are:

1. CHEMTYPE output, input to ADDMF
II. Qutput of ADDMF, input to Ring Screens
IIT. Output of Ring Screens
IV. Input to Registry (potential Registrants)
; Registry Master
VI. Output of Registry (New Registrants)
VII. Disk Search File
VIII. Tape Search File
IX., Key-Address List and INDX (Part of Key Index)
X. List-of-Addresses File (Part of Key Index)

Sample tape dumps of each file accompany the file descriptions, Included in
the documentation are several recommendations for changes in file formats

when the data are converted for use on the sponsor's S & E computer,

11. Documentation: Proposed CIDS Chemical Specificationms for Polypeptides (7)

This document (a) describss a proposed technique for the molecular and struc-
tural representation of polypeptides, (b) identifies the compositional and struc-
tural features which must be.adequately accommodated for effective automated
search and retrieval, and (c) applies the technique to a generous array of sample
polypeptides from three different sources. It thus provides the basic informa-
tior required for the future writing of the necessary computer programs, and

was transmitted to the sponsor under date of 21 October 1969.

Because of the cumbersome nature of most polypeptide structures, CIDS finds
it advantageous to follow the practice of the international community of bio-
chemists in which the commonly occurring peptide units (amino acid residues)
and substituent (ucually protective) groups are represented by letter abbrevia-

tions rather than by their chemical structures. The commonly occurring peptide
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units and substituent groups are listed, along with their abbreviations; and

ket 4 b,

provision is made for the structura! representation of any such uncommon units

and groups. The general scheme for the structural representation of polypeptides

in searchable CIDS format is described and applied specifically to each of the
sample polypeptides,

The technique provides for automatic search and retrieval in terms of any

one, or any combination, of the foliowing parameters:

(1) Identification - The generic polypeptide key (PEP), which is assigned

to each polypeptide compound, permits (a) confining a search to polypeptides, or

(b) including polypeptides in or excluding them from a search.

(2) Elementary Composition - Molecular formula probing via the exist-

ing CIDS Mclecular Formula Keys and Statement provisions.

(3) FPolypeptide Size - The total number of peptide units in the polypeg-
tide, whether symboliged or structured.

(4) The total number of different symbolized peptide units in the poly-
peptide irrespective of stereo form.

(5) The identity, but NOT the quantity, of all symbclized peptide units
in the polypeptide irrespective of stereo form.

(6) The quantity (number) of each symbolized peptide unit present in
the polypeptide irrespective of stereo form.

(7) The gualitative presence of one or more structured peptide units in

the polypeptide irrespective of stereo form.

(8) The gqualitative presence of any abnormal stereoc form of the individual

symbolized peptide units. (By an abnormal form is meant a D-, DL-, or allo-form.)

(9) The qualitative presence of a labeled atom (isotope), including

deuterium (D) and tritium (T), anywhere in the compound. Accomplished through
use of the existing CIDS MASS Key.

(10) Structural features of structured peptide units. Accomplished via

the existing CIDS Structural Fragment Keys.

Except for elementary composition, search strategy is independent of the
symbolized substituent groups. Thus a polvpeptide responds to a search regard-

less of the identity of any substituents it may contain,

[
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Similarly, search strategy is independent of aadend compounds thus enabling
retrieval of the polypeptide whether registered as such or as a polypeptide-addend

compound,

Examination of query responses for a stipulated, partial or total sequence
of peptide units is by visual inspection. Subsequent experience may dictate

the desirability of computerizing this aspect of search.

12. Documentation: The CIDS Treatment of Synthetic Polymeric Substances (8)

P This document describes the recommended technique for the CIDS accommoda- R
tion of polymeric substances, other than any representative of classes of natural
polymers such as polypeptides, polysaccharides, and polynucleotides. 1In ) é
addition to prescribing for molecular and structural representations, the docu-
ment (1) identifies the compositional and structural features which must be
adequately accommodated for effective automated search and retrieval, and (2) é
illustrates application of the technique to a variety of polymers. The document é
; thus provides the basic information required for the future writing of the
necessary computer programs, and was transmitted to the sponsor under date of

28 November 1969.

The document is actually a revised version of an earlier (6/18/69) working

paper on the same subject, the primary objectives of the revision being to:

(1) secure greater compatibility with the practices of the international

community of polymer chemists,

(2) focus on the composition of a polymer, wherever possible, rather than

exclusively on the starting chemicals in its manufacture,

(3) utilize the search advantages afforded by the structural repeating

"

unit wherever one is contained within the polymer,

(4) adapt the search strategy to probe on any of the composition and

structufal features in (2) and (3) above.

Provision is made for alterative methods of recording information on molecular
formula and structure, and the method of choice for a candidate polymer entry

{s determined by the kind(s) of information available on it,

s
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Following exhibits of the contents of a CIDS polymer record and the para-

the document concludes with a.display of 52 sample
polymeric substances in CID3S input format:

meters of polymer search,

» and the collection is inventoried
agalnst a variety of features to serve as a guide to persons responsible for

the initial (manual) phase of CIDS input. 1In arriving at the chemical specifi-

cations and at the format for accommodating them at the time of CIDS input, due
consideration nas been given to expectable user requirements and consultations
have been heid with computer personnel to assure compatibility with existing

CIDS computer programs and with those which have yet to be written.

Currently existing CIDS computer programs are capable of manipulating
those polymers which consist of an indefinite number of molecules of a single

molecular species, with or without conjuncted HZO' In other words, the molec

ular formula of the polymer must be exactly (monomer)a or (monomer)a-HZO.
Obviously, these represent homopolymers formed either by the opening of un-
saturated linkages, e.g., the vinyl and acrylic types, or the rupturing of ring
structures, e.g., the ethylene oxide type. Any such polymers admitted to the
CIDS file now, however, will have to be deleted and re-entered, in accord with

the revised format, when the final computer programs embracing all polymers
are available,

13. Documentation: The CIDS Treatment of (1) Metal-Containing Organic

Compounds and (2) Esters (9)

This document provides the chemical specifications for the CIDS treatment
of all types of metal-containing organic compounds. Since the acid moiety of
an ester often contains a metal as the central atom, e.g.,ethyl chromate, it was
deemed advisable to include an additional section in the document summarizing
the CIDS treatment of all esters. The document was completed on 20 January 1970

and copies were transmitted to the sponsor on 2 February.

The total class of metal-containing organic compounds is a2 broad one which
can be conceived as embracing several structurally specific subclasses (types),
e.g., normal and acid salts, basic salts, metal derivatives of compounds other
than systematic acids, metallocenes, coordination complexes, etc. In the interest
of useful discrimination, CIDS takes this into account and (a) subdivides the

total classes into types deemed expedient for the system, and (b) utilizes



structuring techniques and search strategies which are appropriate tou the dif-
ferent types and are compatible with conventions familiar to the chemical com-
munity. Although some of the types are amenable to currently existing (CIDS

No, 6) search screens and have been admitted to the growing CIDS file of com-
pounds for quite some time, nevertheless, in the interest ¢f compl-teness, it

was deemed appropriate to describe these also in the document,

Each type of compound is defined and several illustrations of the chemical
contents of the CIDS compound record are provided for each. The types which
are currently admissible (responsive ﬁo CIDS No. 6 search screens) are identified,
The chemical specifications for the other types are sct forth, but the computer

programs necessary for registry and search have yet to be written.

14, CIDS Documentation Scheduling Requirements

Through a series of conferences with the Project Officer, a schedule has

been arrived at for the production of various elements of CIDS documentation,

some of which have already been completed and forwarded to the sponsor. Priority 3
is currently being given to the production, by 15 March 1970, of interim documen- i
tation of the overall system in detail sufficient to disclose to chemically

knowledgeable and computer experienced personnel the types and magnitude of
effort required to compleie the system and convert it to a computer to be des-

ignated by the sponsor. By completing the system is meant writing and incor-

ek o

porating the computer programs necessary to accommodate those types of compounds
which are currently inadmissible to the CiDS file. Prominent among these types . 3
are: polypeptides (Section 11 above), polymers (Section 12 above), metal-

containing organics (Section 13 above), and inorganic compounds (chemical specifi-

cations ready for documentation).

The immediate emphasis on the interim documentation requires that the com-
pletion dates originally envisaged for some of the contract tasks be deferred,

and the sponsor has been advised of the new dates.

26

ol




LITERATURE CITED

Clarence T. Van Meter, Eric N. Goldschmidt, Margaret Milne, Handbook of

CIDS Chemical Search Components, CIDS No. 6, University of Pennsylvania,

Philadelphia, Pa,, December 1968

Clarence T, Var Meter, David Lefkovitz, Ruth V., Powers, An LCxperimental

Chemical Information and Data System, CIDS No. &4, University of Pennsylvania,
Philadelphia, Pa,, January 1967

Morris Plotkin, Ring Finding Algorithm (memorandum report), University of
Pennsylvania, Philadelphia, Pa., October 1969

Margaret Milne, Paul R, Weinberg, Query Formulation and Encoding, CIDS Ne. 7,

University of Pennsylvania, Philadelphia, Pa., November 1969

Nancy Harp, Helen Hill, R. T. Swem, ACT III (DURA) Chemical Typing

Conventions (draft), University of Pennsylvania, Philadelphia, Pa.,

December 1969

Ruth V. Powers, Definition of CIDS Master Files, University of Pennsylvania,
Philadelphia, Pa,, December 1969

Proposed CIDS Chemical Specifications for Polvpeptides, Project CIDS,

University of Pennsylvania, Philadelphia, Pa., October 1969

The CIDS Treatment of Synthetic Polymeric Substances, Project CIDS,

University of Pennsylvania, Philadelphia, Pa,, November 1963

The CIDS Treatment of (1) Metal-Containing Organic Compounds (2) Esters,

Project CIDS, University of Pennsylvania, Philadelphia, Pa,, January 1970




Ty Y T~ et e e

Security Cln;ﬂiculon

DOCUMEHRT CONTROL DATA.R& D

(Security claasitication of titls, body of sbatract and Indexing annotstion must be entered when the averall report ia clessilied)

Siv bt LinlifobHdimd bt fd 2

V. ORIGINATING &CTIVITY (Corporate suthor) 28, REPORT 3ECURITY CLASSIFICATION
UNIVERSITY OF PENNSYLVANIA UNCLASSIFIED :
Philadelphia, Peansvlvania 19104 3. grous
N E
A REPORT TITLE 4

A CHEMICAL INFORMATION AND DATA SYSTEM

{. DESCRIRTIVE NOTES (Type of report and inclusive dates)

Semiannual Report, 1 September 1969 - 31 January 1970

s AUTHOR(S} (Firet name, middie Inifial, last name)
Van Meter, Clarence T., Powers, Ruth V., Hill, Helen N., Milne, Margaret,
Hamp, Nancy, Chen, T. C., and Plotkin, Morris.

4. REPORT CATE

7a. TOTAL N2. OF PAGES 7b. NO. OF REFS
31 January 1970 34 9

5. CONTRACT CRGRANT NC

DAAA15-69-C-0140

b PROJECTY NO.

4. ORIGINATOR'S REPORT NUMBER(S)

e. Task: 2P062101A727b2 05, OTHER REPORT NCI(BI (Any other nUmbere thal Say be ssdigned
this repcrt)

d

- 10. OISTRIBUTION STATEMENT Th i document is subject to special export controls and each
transmittal to a foreign government or a foreign national may be made only with
prior approval of the Commanding Officer, Edgewood Arsenal, ATTN: SMUEA-TSTI-T,
Edgewood Arsenal, Maryland 21010

71 SUPPLEMENTARY NOTRS

13- SPONBORING MILITARY ACTIVITY Edgewood Arset\ll
Technical Support Directorate, Edgewood

Chemical information data systems Arsenal, Maryland 21010

: (Stanley Goldberg, Proj. O,, Ext. 6126)
—ABSTRATY " document describes research activities in progress under Project CcIDS
at the University of Pennsylvania through which a model operational chemical informa-
tion and data system has been developed. The document discloses the present state of
CIDS file building and reports the successful incorporation of the revised chemical
search screens into the system and the establishment of chemical specifications for
- handling certain currently inadmissible classes of compounds. Various improvements

: in search and file building techniques are reported, including an acceptable method
for analyzing complex ring systems, and the status of R&D with the cathode ray tube
as an input-output device is described. Also included are reports of recent CIDS
computer documentation and a description of the formal CIDS No. 7 report on query
formulation and encoding.

14, KEYWORDS:
Data system Encoding
Chemical information Connection table compaction
CIDS chemical search keys Ring-finding algorithm
Cathode rav tube Master file documentation
Polypeptides Query formulation
Synthetic polymers Compound files
Organo-metallic compounds Chemical typing cenventions
Arom-by-atom search C1IDS interim documentation
Nonstructural descriptors Expansion of logical expressions
Teletype command language Mechanical Chemical Codec

D roan "7 mb....mnt. 1 JAM 84, WHICH 18
1 woY o8 oSBOA RTS Ve .

i 33 Secu-ity Clasaification




